I feel it to be a special privilege, and a special responsibility, to give a Roy Cameron Lecture, for he was my very dear friend. It is just over 50 years since he and I entered the medical course together at the University of Melbourne in 1917; and during the passage of those years our friendship grew increasingly deeper and more valued by us both. For another reason also I feel a peculiar responsibility in undertaking this lecture-namely, that, while Roy Cameron excelled as a great experimental pathologist and a great teacher of the dynamic aspect of pathological research, most of my own work has been in the more conventional fields of structural pathology. However, I took heart when I recalled that two of Roy's earlier teachers, whom he greatly venerated, Sir Harry Allen and Ludwig Aschoff, were morbid anatomists, and that Roy himself, though pre-eminent as an experimentalist, was also an experienced histopathologist. Indeed, in a letter to me in 1963, concerning an important committee meeting which he had just attended, at which the training of young pathologists was discussed, he wrote: "I spoke very strongly about the importance of a sound training in morbid anatomy and histology for the experimentalist. Some people apparently forget that I went through a long apprenticeship myself and was responsible for most of the routine biopsy and necropsy work at U.C.H. until a very few years ago."
For the foregoing reasons I decided that a purely morphological subject, besides being within my own province, would not be an inappropriate one for this lecture. But I wanted it also be one with a strong functional or dynamic interest-one in which the structural abnormalities studied impel us to reflect on their functional implications or on the basic biological processes that engendered them or on which they may shed light.
Such topics are plentiful in structural pathology. I might, for example, have chosen to speak on the regeneration of lost or damaged tissues, a very wide subject, the morphological and functional aspects of which are barely separable, and one which particularly engaged Roy Cameron's attention. Or I might have spoken on metaplasia, the divergent differentiation of proliferating adult tissues, one familiar instance of whichbony metaplasia in soft tissues-excited Roy Cameron's special interest. Or I might have reviewed the contribution of the histopathology of tumours to our knowledge of the functions of the endocrine secretions, and of the still little understood secretion of hormones or hormone-like substances by tumours of non-endocrine tissues, especially bronchial carcinoma.
I have chosen, however, to speak on the subject of developmental heterotopias, mainly because of some correspondence that I had with Roy Cameron in 1957. At birth a male infant had a skin-covered firm protrusion in the right supraorbital region (Fig. 1, Special Plate) . Radiographs showed the base of this to contain an excrescence of the frontal bone, but the inner table of the bone was normal. The bulk of the mass was excised and the bone surface was trimmed ; the child remained well eight years later. Microscopically, beneath the skin the mass consists of a single well-developed unerupted tooth set in a socket of alveolar bone. In view of the possibility that the lesion might be teratomatous, sections were cut at several different planes, but no other heterotopic tissues were found; and the conclusion was reached that it was indeed only a misplaced tooth, socketed in the frontal bone.
Comment.-Nasal, facial, and mastoid teeth have been reported, but none as far from the definitive dental-shelf region as this one. We can only speculate about its exact histogenesis. Either a part of the dental shelf proper got carried into the abnormal position during the complicated growth movements of the several embryonic outgrowths that coalesce to form the face ; or, more likely I think, a fragment of undifferentiated and non-specific ectoderm, sequestrated by these movementsjust as happens in the formation of the well-known congenital dermoid cysts about the face-underwent heteroplastic dental differentiation, and the resulting tooth induced the subjacent frontal bone to provide it with a bony socket. Willis, 1962b, Fig. 41 Schultz (1927) , in which a congenital cystic lesion in the floor of the mouth also probably contained gastric tissue. These cases and the one just described can be explained only by the assumption that sequestrated pieces of endoderm at the extreme anterior end of the primitive foregut-possibly vestiges of the thyroglossal duct-are capable of heteroplasia to form tissues appropriate to much more caudal levels of the gut. This is shown even more strikingly in the next specimen. Comment.-The anterior situation of this cystic malformation, its respiratory epithelial lining, and the associated cartilages show that it is certainly bronchogenic in nature; its alimentary mucosa and pancreatic tissue must be attributed to heteroplastic differentiation.
In Case 6 the bronchogenic malformation was completely separated from the lungs. But some similar malformations lie within the lungs, and these also may show heteroplastic alimentary derivatives, as in two cases reported by Kellett, Lipphard, and Willis (1962) . In one of these mucosa and glands of gastrointestinal type had developed in the wall of an intrapulmonary cyst; and in the other, well-differentiated pancreatic tissue, with islands of Langerhans, was present, its lobules mingling closely with the bronchial cartilages and its ducts opening into bronchioles. Comment.-This specimen exemplifies the very rare group of cases of congenital heart block due to epithelial inclusions in the course of the bundle of His, of which less than a score have been reported. These cases, some of which I have reviewed elsewhere (Willis, 1962a, pp. 330-332) , all show a close resemblance to one another; the site of the anomaly is in the interatrial septum, and the epithelial inclusions are usually trabecular or tubular structures of rather non-distinctive characters. In the present case the resemblance of some of them to thyroid vesicles may be only fortuitous; or they may indeed be thyroid vesicles, since at least one instance of intracardiac thyroid tissue has been reported (Dosch, 1941) . The mode of origin of epithelial inclusions in the heart is almost certainly by dislocation of a fragment of foregut endoderm into the dorsal mesocardium during the very early development of the heart rudiment, when this lies in close contiguity with the pharyngooesophageal rudiment, and especially with the thyroglossal outgrowth. I should add here that epithelial inclusions are a relatively rare cause of congenital heart block ; a far greater number of cases of this are due to a primary failure of development of the bundle of His, with or without other cardiac malformations.
Endodermal Heterotopias in Abdomen
The commonest abdominal alimentary heterotopias are those seen in Meckel's diverticulum. In about 20% of cases this is lined by gastric mucosa, and every surgeon knows that this may suffer peptic ulceration with haemorrhage or perforation. In a smaller proportion of diverticula pancreatic tissue is present; and on occasion this too may cause surgical complications, as in the youth of 17 whose story I have recorded elsewhere (Willis, 1962a, Fig. 141 (Willis, 1962a, p. 190; Pugh, Feather, and Goldie, 1958 Comment.-In possessing this band of skeletal muscle as well as a smooth-muscle coat, and also in the nature of its lining epithelium and its associated glands and ducts, the diverticulum has a close histological resemblance to oesophagus. The only previous report that I know of oesophagus-like heteroplasia in the intestine is that of Aterman and Abaci (1967) , who, in a male infant with some other malformations, found areas of oesophageal and gastric mucosa in the terminal ileum and caecum. The development of cross-striated muscle in the wall of the midgut is, so far as I know, a unique finding.
Before leaving the intestine I must refer to another extraordinary instance of heterottopia, which was reported by Marsden and Gilchrist (1963) (Fig. 9 , Special Plate), intestinal mucosa, and ciliated pseudostratified epithelium; and the separate small cyst also is lined by ciliated epithelium of respiratory type. The walls of the malformation contain plentiful smooth muscle and nerves, the muscle being arranged in distinct layers in parts.
Comment.-Here is a malformation of the bladder containing a variety of heterotopic alimentary tissues, and probably respiratory tissue as well. The possibility of its having been derived from an adjoining alimentary diverticulum which had adhered to and invaginated into the bladder was thought of but was excluded; at operation the bladder was unattached to the bowel, and the malformation was clearly intravesical. The possibility of its being teratomatous can also be excluded ; it contains only alimentary and related tissues and none of the other common components of teratomas, and a true teratoma of the bladder has never yet to my knowledge been recorded. Can heteroplasia of the vesical tissues themselves be the explanation ? In considering this question we at once recall that the bladder, as well as its allantoic diverticulum, the urachus, and also the urethra and prostate, are all derivatives of the endodermal cloaca, which is part of the embryonic hindgut, and therefore closely related developmentally to the large intestine. Since In this connexion it is pertinent to recall a specimen that was described and depicted before the end of last century by Ballantyne (1902, p. Developmental Heterotopias-Willis Developmental Heterotopias-Willis BRriTSH structural perfection to suggest that they were functional ; and it is noteworthy that in both cases active haemopoiesis was in progress in the hepatic tissue. I conclude with the following words of Sir James Paget (1882), who, writing about the structural study of malformations, said: " Not one of them is without meaning; not one that might not become the beginning of excellent knowledge, if only we could answer the question-why is this rare? or, being rare, why did it in this instance happen ? " Roy Cameron set a perfect example of that nicely balanced combination of morphological and experimental inquiry which is essential for elucidating why things happen.
I am deeply indebted to many fellow pathologists for sending me the specimens described and for their permission to record them; I have given their names in the case reports. Most of the photographs are the work of Mr. Gerald Leach, of the Imperial Cancer Research Fund, London; and to him and to Dr. Stretton Young. head of its Division of Pathology, I am very grateful.
